Abstract: This clinical outcomes study aimed to determine the commonly used shoulder tests predictive for rotator cuff tear (RCT). The study was carried out in 2 parts involving 400 patients who attended the senior author's practice (n = 100/group). Part I compared patients with isolated RCTs and a "No-RCT" group. Part II compared RCT patients (some with isolated RCTs, others with RCTs and combined pathology) and No-RCT patients. Patients were imaged, preoperatively examined with clinical shoulder tests, and given presurgical diagnostic arthroscopy if warranted by their shoulder injury. Part I revealed 4 clinically diagnosed features significantly more common in patients with isolated RCTs than in No-RCT patients. Part II validated the findings, showing remarkably similar results. The drop arm sign (10% sensitivity, 100% specificity) affected a small proportion of subjects but where present was a strong indicator for RCT. Three other diagnostic features [supraspinatus weakness, weakness in external rotation, and impingement (SERI) tests] were highly predictive of RCT when all were positive in a subject (likelihood ratio = 12:1). If all SERI tests were negative, RCT was unlikely to be present (likelihood ratio = 0.06:1). The predictive power of this clinical test combination compares favorably with predictive powers reported for magnetic resonance imaging and ultrasound.
T he tendons of the rotator cuff, particularly the supraspinatus, are commonly torn from their bony insertion, particularly in individuals over 60 years of age. 1 At least 15% of shoulder subjects with rotator cuff tear (RCT) have additional complications. Pain and dysfunction from injuries to the rotator cuff account for over 50% of all presentations to our shoulder service. Despite this high prevalence, RCTs can be challenging to diagnose, even for experienced orthopaedic surgeons. Physical examination, in combination with patient history, remains the standard initial method for tentative identification of RCT.
Many clinical tests have been used in the diagnosis of RCT (eg, [2] [3] [4] [5] [6] [7] [8] [9] ). Despite their frequent use, the extent upon which these clinical tests can be relied is unknown. For this reason, we carried out a prospective study to determine which commonly used clinical tests we routinely use are most predictive for RCT and then validated the results. A highly condensed version of this study's results has been previously published. 10 Upon determining the likelihood ratios for the combination of clinical tests predictive for RCT with the part I groups (designated RCT-I and No-RCT-I), we hypothesized that subjects could receive an initial diagnosis for RCT at the primary care level if they tested positive for the coincident features of supraspinatus weakness, weakness in external rotation, and impingement.
We trialed this hypothesis in part II of this study, using 2 more independent groups of subjects (RCT-II and No-RCT-II). The RCT-II group included RCT patients with additional shoulder pathologies.
METHODS

Subjects
This study consists of 2 parts based on more than 400 consecutive patients, of the senior author's practice, who had a variety of shoulder disorders that warrant arthroscopic examination.
(1) Part 1 commenced with 100 subjects who had a RCT and lacked any other type of shoulder pathology (designated "RCT-I"). The control group consisted of the first 100 consecutive patients who had an operable shoulder condition other than RCT. In this no-tear group, 31% had shoulder instability as their main cause of disability, 15% had adhesive capsulitis, 15% had impingement, 20% had osteoarthritis, 18% had damage to the glenoid labrum, and 1 had a fracture. (2) Part II included 100 subjects with RCT regardless of additional pathology. This group was designated as "RCT-II." Eighty-four patients had isolated RCTs and the remaining 16 patients had RCT together with additional major shoulder pathologies: adhesive capsulitis (7), labral lesions (4), osteoarthritis (3), clavicular nonunion (1), and a greater tuberosity avulsion fracture (1) . The control group consisted of 100 additional patients with an operable shoulder condition other than RCT. In this group, 25% had instability as their main cause of disability, 19% had adhesive capsulitis, 19% had impingement syndrome, 15% had labral lesions, 14% had osteoarthritis, 3% had calcific tendonitis, 3% had clavicular nonunion, one had a tumor, and another had a fracture.
Preoperative Clinical Examination
The patients were requested to bring ultrasound or magnetic resonance imaging (MRI) results to their initial consultation. Their clinical history was taken, a clinical examination was given, the patient completed a pain-andfunction questionnaire, his/her imaging was reviewed or taken, and a presumptive diagnosis was made. If surgical repair of the lesion was deemed appropriate, and the patient consented the patient came to surgery. The first step of the surgical procedure was diagnostic arthroscopy to evaluate the glenohumeral joint, followed by the appropriate repair. All subjects were given a systematic clinical shoulder examination comprised of the 23 shoulder tests that formed the basis of this study. The examiners were blind to imaging results. Each subject was examined for: wasting of the supraspinatus, infraspinatus, and the deltoid muscle; tenderness of the sternoclavicular joint, acromioclavicular joint, subacromial region, and biceps region; range of motion during forward flexion, abduction, internal rotation, and external rotation (measured actively and passively).
Using manual muscle tests, strength was assessed on a scale of 0 to 5 2 with an additional value of 4.5 to record minimal loss of strength. Shoulder strength was tested during internal rotation, external rotation, supraspinatus strength with the arm held at 45 degrees from the midline, and lift-off (subscapularis) strength with the arm in a hand-behind-back position with the palm facing outward. 8 Tests were also given for certain signs: O'Brien sign, which is helpful in detecting superior labral detachment 9 
;
Hawkins test for impingement during internal rotation 6 and impingement in external rotation. This was tested with the arm abducted to 90 degrees, placed in full external rotation in the scapular plane, and actively moved by the examiner to the end of its range of motion with pain indicating a positive test sign. To test for the drop arm sign, 3 the affected arm was elevated above the patient's head by the examiner. The patient was then asked to gradually lower the arm in the coronal plane. A positive test was considered one where the subject could not control the rate of adduction between 130 and 90 degrees.
Surgical Evaluation
A diagnostic arthroscopic examination, carried out under regional anesthesia, determined the nature of the shoulder disorder and complications. If required, the diagnostic arthroscopy was followed by open surgery. All arthroscopic results were interpreted and recorded by a surgeon (G.M.), using a standard form. When a tear was present, the surgeon noted its location, size, shape, and other features on the form using anatomic landmarks as axes.
Statistical Analyses
The clinical test results were analyzed for statistical significance with SPSS and SigmaStat software (SPSS Inc. and Systat Software Inc., Chicago, IL). Preoperative findings for the RCT group scores were compared with those from the No-RCT group scores using w 2 tests and Mann-Whitney rank sum tests with the significance level set at P < 0.05. The pretest probability, pretest odds, likelihood ratios, posttest odds, posttest probabilities, and confidence intervals were calculated according to Sackett et al. 11, 12 Likelihood ratios (sensitivity/ 1 À specificity) indicate how useful a test is for diagnosing a given condition. For example, a likelihood ratio Z10:1 is sufficiently high to rule in a condition, 5:1 is intermediate high, 1:1 is indeterminate, 0.4:1 is intermediate low, and 0.08 is sufficiently low to rule out a condition.
11
In order to assess how helpful specific combinations of the predictive tests would be for diagnosing RCTs, we calculated the sensitivities, specificities, and likelihood ratios for the RCT and the No-RCT groups, based on the number of subjects who were positive for all of the predictive tests, and for 1, 2, or none of them.
When the combined test results were evaluated, supraspinatus strength and strength in external rotation were defined as less than normal if they were assessed at 4.5 or lower using manual muscle tests, providing that there was no concomitant loss of strength during internal rotation. The purpose of this restricted definition was to distinguish subjects in each group with specific weaknesses from those with general shoulder weakness. Also, impingement was considered as a single diagnostic feature, regardless of whether it was observed during internal rotation, in external rotation, or with both tests.
Magnetic resonance imaging and ultrasound likelihood ratios were based on sensitivities and specificities reported in the literature.
RESULTS
The total population of subjects in the groups designated RCT-I, No-RCT-I, RCT-II, and No-RCT-II included 219 males and 181 females. The 400 subjects ranged in age from 15 to 83 years with a mean ( ± SD) age of 54 ± 18 years. There were more males (55%) than females in both the RCT groups and the No-RCT groups.
The mean age of the No-RCT subjects was 44 ± 17 years whereas the mean age of the RCT subjects was 63 ± 12 years. This difference was because of a specific age-associated linear increase in percentages of RCT subjects who attended the clinic (Fig. 1) .
Arthroscopic Diagnostic Findings
One hundred seventy-nine (90%) of the 200 RCT subjects had full thickness tears and 21 (10%) had either partial thickness tears or laminated tears. As for location, 127 (63.5%) tears were in the supraspinatus tendon alone; 45 (22.5%) were in the supraspinatus and the subscapularis tendons; 8 (4.0%) were in the supraspinatus and infraspinatus; 11 (5.5%) tears involved the supraspinatus, infraspinatus, and subscapularis tendons; 4 (2%) were in the infraspinatus tendon alone, 3 (1.5%) involved the supraspinatus, infraspinatus, and teres minor tendons; whereas 2 (1%) subjects each had 2 separate tears in rotator cuff tendons. Twenty-eight (14%) of the 200 RCT subjects had small tears (1 cm 2 or less), 116 (58%) had mediumsized tears (from 1 up to 5 cm 
Clinical Findings: Part 1
Nineteen of the 23 (83%) clinical tests produced results in the RCT-I and No-RCT-1 groups that lacked significant difference and were therefore unpredictive for RCT (Table 1) . These were the tests for: wasting (supraspinatus, infraspinatus, deltoid); tenderness (sternoclavicular joint, acromioclavicular joint, subacromial region, biceps region); strength (for internal rotation, subscapularis); and range of motion-forward flexion, abduction, external rotation, and internal rotation (when measured both actively and passively). The O'Brien test was also unpredictive for RCT. Four (17%) clinical tests (illustrated and described in Figs. 2A-D) were positive in significantly more RCT-I subjects than in No-RCT-I subjects (P r 0.001) and were therefore predictive for RCT. These tests were for (1) supraspinatus strength; (2) strength in external rotation; (3) impingement, either in internal rotation, external rotation, or both directions, and (4) the drop arm test. The percentages of affected patients in each group, differences between the groups, and confidence intervals are shown in Table 1 for the significant results.
The test for supraspinatus weakness had a sensitivity of 71%, a specificity of 83%, and a likelihood ratio of 4:1. The test for weakness in external rotation had a sensitivity of 39%, a specificity of 92%, and a likelihood ratio of 5:1. The impingement signs, when performed in internal rotation or external rotation, had similar sensitivities (73% vs. 77%), specificities (59% vs. 61%), and likelihood ratios (2:1) for predicting a RCT. If any of these tests are considered on their own they are not highly predictive. However, when combined, the likelihood ratio for these 3 tests rises to 12:1.
SERI Test Combination
The combined presence of supraspinatus weakness, weakness in external rotation, and impingement in 1 or both directions occurred much more often in RCT-I subjects than in the No-RCT-I subjects. Any 2 of these signs were at least 5 times more likely to occur in RCT-I subjects than in No-RCT-I subjects, and any single sign was almost equally likely to occur in both groups. Conversely, absence of all 3 signs was 0.06 times as likely to occur in RCT-I subjects as in No-RCT-I subjects.
The Drop Arm Sign
The test for drop arm sign, 3 when positive, was also a good indicator of RCT as a result of its 100% specificity. However, as 89% of RCT-I subjects were able to control their rate of adduction from 130 to 90 degrees (ie, not exhibiting the drop arm sign), some RCTs are undetected by this test.
Clinical Findings: Part 2
Four clinical tests were found to be positive in significantly more RCT-II subjects than in the No-RCT-II subjects (Pr0.001), regardless of additional pathology in the former group. These 4 clinical tests were identified as predictive in both parts of this study. The differences between groups, and confidence intervals, are shown in Table 1 . Hence, the results of part 2 of this study validated those of part 1.
Posttest Probability for Rotator Cuff Tears
The importance of age on RCT prevalence is such that it must be taken into account when evaluating the probability that a particular patient will have a RCT. posttest probabilities of RCT calculated for subjects in various age groups who exhibited between 0 and 3 positive scores for the SERI tests. As evident from Table 2 , the posttest probability of RCT increased with age. For example, a 55-year-old subject who tests positive for 2 of the diagnostic features would have a 64% posttest probability of RCT whereas the posttest probability for a 70-year-old subject testing positive for 2 diagnostic features would be 98%.
Age-based Substudy
We next considered how age difference affected the test results. For this, we compared the test results from all subjects between the ages of 50 and 65 years in both RCT groups (n = 73) versus No-RCT groups (n = 50). The remaining subjects were either younger than 50 years or older than 64 years (Table 3) .
Test results based on this subset correlated with subject age. For the RCT group, 63% had supraspinatus weakness, 38% had weakness in external rotation, and 90% had impingement. For the No-RCT control group, 25% had supraspinatus weakness, 15% had weakness in external rotation, and 68% had impingement. The differences between these 2 groups were all significant with Pr0.001 with a set at 0.05. Combinations of the predictive tests were also analyzed for the age-based subset. Positive likelihood ratios for RCT subjects versus No-RCT subjects were sufficiently high to rule in RCT where all 3 of the SERI predictive tests were positive, 4.3:1 for positive results in any 2 tests, 0.67:1 for a positive result in only 1 test, and 0.094:1 for negative results in all tests.
DISCUSSION
Our main findings from this study are that 4 clinical shoulder tests we routinely use are predictive for RCT: the combination of tests for supraspinatus strength, strength in external rotation, and the test for impingement sign (in either external rotation or internal rotation) and the test for drop arm sign on its own.
Clinical testing is used for diagnosing RCTs yet relatively few studies have evaluated the predictive power of clinical tests for this common disorder. 5, 7, [15] [16] [17] [18] Norwood et al 15 reviewed 103 patients with surgically confirmed RCTs and 64 patients with arthrograms negative for a RCT and found a highly significant decrease in abduction strength in the subgroup with multiple rotator cuff tendon tears. Lyons and Tomlinson 16 evaluated 6 patients without RCT and 36 patients with RCT who came for surgery. Preoperatively, they attempted to estimate the presence and size of RCTs by palpating the humeral head while the arm was held in internal and external rotation and then hyperextended. These authors reported that the sensitivity and specificity of this technique were 91% and 75%, respectively. Hertel et al 5 evaluated 100 patients who had operations for unilateral subacromial impingement syndrome. Of these, FIGURE 2. SERI test combination. A, Supraspinatus strength was tested with the arm held at 90 degrees of the scapular elevation and with a downward force applied by the examiner on the patient's arm. B, Strength in external rotation was determined with the elbow held by the side and flexed at 90 degrees, with the patient applying outward resistance against the examiner's hand (to test strength in internal rotation, the patient applied inward pressure against the examiner's hand). C, The test for impingement in internal rotation was performed with the arm forward flexed to 90 degrees, placed in full internal rotation, and then actively moved by the examiner to the end of its range of motion. If pain was elicited by this movement, the test was positive. D, The test for impingement in external rotation was performed with the arm abducted to 90 degrees, placed in full external rotation in the scapular plane, and then moved by the examiner to the end of its range of motion. Pain indicated that this test was positive.
24 had no RCT, 17 had a full thickness RCT involving at least the supraspinatus, and 19 had a partial thickness tear. They evaluated the Jobe test (pain on testing supraspinatus strength) 4 and "lag" signs in full external rotation with the arm at the side and at 90 degrees of elevation in the scapular plane (the drop sign). Using their data, we calculate that the Jobe test was relatively sensitive (86%), but not very specific (58%) for either a full or a partial thickness RCT. The likelihood ratio was 2.0 if the test was positive and 0.3 if negative. External rotation with the arm at the side had a sensitivity of 97% and specificity of 100%. The drop sign had a relatively low sensitivity (21%) but was very specific (100%) for a full thickness RCT.
Walch et al 7 studied 54 patients operated on for combined supraspinatus and infraspinatus RCTs and evaluated for the "hornblower's sign" and the "dropping sign" in full external rotation with the arm at the side. Using computed tomography scans, they found both of these tests to be sensitive (100%:100%) and specific (93%:100%) for fatty degeneration of the infraspinatus and the teres minor. This condition can correlate both with the age of a RCT and with the age of the subject. Gerber and Krushell 8 have described and validated 5 the lift-off test for isolated subscapularis tears. In our studies, we regarded the tests for supraspinatus weakness, weakness in external rotation, and impingement to be more generally useful than the test for the drop arm sign because of their greater sensitivity, particularly when combined. Nevertheless, 4 of the 200 subjects in the RCT groups scored 0 for all 3 diagnostic features. We found that 3 of the 4 subjects who scored 0 had supraspinatus weakness and weakness in external rotation also had weakness in internal rotation and therefore did not fit our restricted definition for loss of strength. The other RCT subject who had a score of 0 for all 3 diagnostic signs had a small partial tear together with adhesive capsulitis.
The clinician's ability to perform strength testing improves with experience. More recently, a hand-held dynamometer has become available for this purpose.
In addition to clinical tests, MRI and ultrasound have been widely used in the diagnosis of RCTs. On the basis of sensitivities and specificities reported in the literature for a large number of these image-based diagnostic studies, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] we calculated their predictive powers with respect to their likelihood ratios. For ultrasound, the likelihood ratios ranged from 1:1 to 33:1 with a mean ± SD of 11.6:1 ( ± 12.5). The likelihood ratios for MRI ranged from 3:1 to 27:1 with a mean ± SD of 11.8:1 ( ± 8.7). These likelihood ratios are similar to the likelihood ratio calculated for SERI clinical tests (12:1) in which RCT subjects were positive for all 3 diagnostic features (supraspinatus weakness, weakness in external rotation, and impingement) or for 2 SERI tests in a subject aged 60 years or older.
CONCLUSIONS
The practical implications of our study are that if a clinician wants to assess whether or not a subject has a RCT, tests for 4 of the diagnostic features we examined are predictive. Firstly, there is the drop arm sign. Three other tests have a higher sensitivity than the drop arm sign and are therefore more useful. These are the SERI tests for: (1) supraspinatus weakness; (2) weakness in external rotation; and (3) impingement. A 60-year-old with positive results for 2 of these 3 diagnostic features has a 98% chance of having a RCT. If he/she has only 1 positive result for the 3 diagnostic features, the chance of a RCT is close to 50%, and therefore indeterminate. Conversely, if he/she tests negative for all 3 diagnostic features, and negative for the drop arm sign, the chance of a RCT is sufficiently low that expensive diagnostic imaging and unnecessary surgery for evaluating the rotator cuff can be deferred.
The implications of this are that subjects who score "0" for all 3 of the SERI tests, and fail to exhibit the drop arm sign, are sufficiently unlikely to have a RCT that they should not need an arthroscopy, an MRI, or an ultrasound examination unless further trauma and pathology occur. If subjects have a positive result for only one of the SERI tests, or for 2 and are younger than 60 years of age, RCT cannot be ruled in or ruled out and imaging should be considered. The predictive power of all 3 SERI tests, or for 2 in subjects aged 60 years or older, is 12:1, comparing favorably with the predictive power of *Approximation based on a fixed total count, then using the F-distribution. 13 Adapted from Murrell and Walton 10 with permission from Elsevier. RCT indicates rotator cuff tear. ultrasound (11:1) and MRI (12:1) for diagnosis of RCT. A target disorder can be ruled in at odds Z10:1 (11). In addition, to the high predictability of this clinical test combination for diagnosing RCT, SERI tests also have the advantage that they are easily and conveniently performed by a medical practitioner or other primary health care provider.
